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511 

^%A*} 

51 1 * -MtiMi 4& -iAin^-si si^r^ 4o|ico| s.^^ cdse^. 

£ 3A ^ -^J^l^Efll^ 7>^7]1 W^ll 5 ) <^7l isasig (excitation spectrum)* 44^ nsfl 

^14. 

5- 3B xr -MAl^Efli^q ^If-AS Sr-^Sl-S 7>^^]^^5] t^-itfiEe] (emission spectrum)* 44^ aefl£ 

51 5A ^a1^e|1251 ^jf-AS «-^4H ^Sf-^ol^- 7 }^] $3-*^ o} 7 ) ^e^^. ^ = 014. 

£ 5B fe ^_Xm^2S\ ^IfAS. «^4£ ^lS-f- ^^1^-71-^71] ^^1^1 ^i^S^-fr 44^ neflH<>14. 
£ 6 £ -41*1331 2^ 4<^^ ^^-i- €^7l A3: A J]£ 51^3., 51^ A#, B^* ^^7>7> ^ 

#4^ 44^, C4, D^S* AA 2**al iE^H-a^^s^-Bl 51 ##aJ|* 44^4. 

51 8 * 51 74^ 4€- 243 4^51014. 

s 9 5i 7 ^ £ 84tt 4& ^^-€^1 243 4^51014. 

51 10 £ €-€^^1 -§-8-i 0 J SAj^l^ i-s £ oi4. 

51 11 * 5110^ 4^ a^l^^ LED SA|7l<51 ^£51614. 

51 12 €r€^^l ^ 4°l-2-H S RGB^l 47|51 rfci^s oi-g-sfl^ g LED S^7l^ 

3g^51ol4. 

51 13B -M*HU ^ 4€- Ur^t 4°15ljei^ 3!fl£s, 60°C, 90%RH°lH oq 

14*1 4. 

51 14A -*UH9 ^ «l5li25l ^^(weatherabilityH^l^l- 44^ ZLefias, ^4*14i tfl4 #151* 

*1** 44^4. 

51 14B fe- ^AH19 ^ HlUH]25} tfl*^Al^^3)-l- aefl = S, a]^* s} ^^^^f 44^4. 

51 15A €*H9 w V]SLg\)2«\] 4-g- 4^ 4 0 l-2-S.^ 51 fl^o-^l^ Al^4<i] ^Tfll: 44 

^ n5flHfl4. 

51 15B ^ AUH9 « tilHi2i 4# ^4°!^-^ ^Sj^Al^ollA^ Afl^S)- A]^}3afo] ^IM. a 

44. 

51 16 * 44\E ^^14 3|3 4=3" 465nm?l LED* ^t* ^ 4°li^<i €^.t ^ afe 
^im^* 44^1 ^!5i 51^^14. 

51 17 * 111 44^ ^^14 slaaH 465nm^l ^ LED* £ft t^" 44 ^^]^ t-irt* 

^4-^1^* ^41- 44^ ^51 51^014. 
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£ 18A (Y 0 . e Gd 0 .4 ) a Al 6 0 12 : CeS ^Ej^ 4a*H24| S£^H14^W^ 44 i^^-fr 44 

H 18B Tgr^- sn-fl- 460nm-ir 7}*]~ 4UH24) ^i^S] **i^H^-fr 4444- 

£ 18C -^^1^2°] vtsfr 40] 6j ^ 14444. 

£ 19A CYo2 Gd 0 . 8 ) a Al 6 0 12 : CeS. S^fe <iiAH53 £Mf Pli^iltl^l 44 44 
44. 

S 19B ^ ^4 s)S 4^- 450nm* 7}*] : £ ^5^ ^^^-<q ^t^H^t- 4444- 

i 19C 44H5^ 44 4 d l -4.2-^1 44 4444- 

£ 20A Y 3 Al s 0 12 : CeS. S^s]^ +1*] iS^^^^,]^ 44 i^JE^ 4444- 

S. 20B 44 3] 3 sl^ 450nm4 4-^1^ €*146^ ^4^4^ 44^:^4 4444- 

s. 20c 4*H6-el ik^ 4 t 'l-^S-^ 44 4444. 

51 21A Y, (Alas Ga 0 . 5 ) 5 0 12 : Ce5L .S^s]^ >*JaH73 iS^t>l tjl^i^ ^ i^E^ 44 
44. 

£ 21B 3\3. 44 450nm# 7}^ &*)<%7SH 44^4^1 tfi^SM 4444. 

£ 21C ^ 40I ^ iSjHll; 4444. 

£ 22A (Y 0 .8 Gdo.2 ) 3 Al s 0 12 : CeS j£Ajs^ ^Hll^ 5. ^ ^fg 3-^ <q ^ i^e^-fr 44 
44. 

£ 22B (Y 0 . 4 Gd 0 . 6 ) a Al 5 0 12 : CeS. £^5)^ 4s*Hll^| SS^iflAi^-^cq ^ ^e^a 44 
44 

£ 22C 44 3\3L 44 470nm4 7>4fe t#£44 44^H^ 4444. 

H 23 * ^Hll^l 44 4°l-2-S5] ^ i^S^-fr 44^4. 

100, 200, 501 : 44 4°14_^ 101, 201, 701 : 3*34 

102, 202, 702 : 44^4 103, 203 : Qo]6\ 

104 : #i=^fl 105 : 4*S 

105a : ^4 105b : 3)=^- 

106 : 204 : 44><M 

205 : 44^4 504 : Afl4 

505 : 444*11 506 : 43 

601 : LED S.*\7] 602 : E-4°l«1 3^ 

603 : sHHH^ 7]<*^4 604 : 7|]2 

610 : ^3 3. 703 : ^7]$- 

704, 707 : £W 705 : 4447-11 

706 : 
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441^4 LED bJ|bMe %Q a]J:7|, S^Xj ^44 4^ ^It^^Io]^ ^ofl ol-g-s^ 44 tj-o] 

-2-—°]] 44 4*1 "i%&AA U^M?!^ #4 44^ 444t1 4%4b ££^>H 4^^311- 4-H14 

444*1 A=i^ o 14* je*1#*h 4 ft 3H4. 

&J1, 27)?*^ ^ ^I44 6 l 3H431, ON/OFF 444 tiVJioll 444^ 4*34 7}44. °H 44, 4* £4*1 
0^4 a|el7H 44AS4 4s] ol-g-5]j7 $J4. e, sle^i^^fli, JUL#4 RGB(4 4, ^A) 444 d l^ 
7} 44 7fl , ol-i- 44 4o]5.Ht ol^-sl- tfl^44<>l LED 4 if- 7} 4~g-£| ») 344. 6] LED 4^431 

°lb 34 ^d^As 444^ 4 Si 3i, 73^014^ 4*3 °1 44b 44* 444 °14 444 44 a>44 

^eU, a^e«flfe 44 44^* 44^114 ^43b 4 £7} 447f4 44443- si 4. 

tJ-oliH* ^l-g-^7^ ^71 fl^M^r, 44 rl- 0 L$.H7> 4-^444 7}7lES it-i;4 R, G, B 37> 

7] ttiXff ^ 44^4 44444 444444 ^A7> $14- 444 *>444 4^4?! J77} 5^ 

7j4- ; l£4£44 4^4 % j£ - 44^ 4^ 44^ ifflXB^ ^ £-4^4 ]£, #^^7l-7V 

44 4* ^§44 4 sib 34, A 44^4-4 4444 44 44 444 ^4 444 AA^A *Kh-S, 
ffJls^h 4444b 4434 S1S14. 444, 44^4-71- 4£444^447l 4^4, 444 4J£444 x\# 

344 A^r 4^7} 4^31, A3i7} A>^-^ ofl 44 44£]7l4 A 44^4 44 T&^^fe 44 ^t}7\] £44 

714 44 4<fi44 44b 1- 44 £444 ?Wa $144. 4, 44 44^b, 444 44 4444b 4444 

5i4b 4i?S44, tfMt 44^4 4444 14544 ^ 4€4 ■a* 4 £44. 

5-152609X ^il, s-7flsj 7-99345X ^-i, ^-7fl^ 7-176794J: ^-7fl^ 8-7614± ^ ^^4- °1 

7flAl^ 40^^ 1^^^ ^^41- Ol^-SflA-1 tiflAfl^l ^ 4^ ^^1^- t^AlZ] ^ OJ.^ ^IS, 4^- 

4 go] ^s\o\ oj4. 

-*7l 7114^ ^ 4oi^.Hfe, ^flaj ofluixiifflE^o] 3. t^7># e]^ell°j5l 

i ^^1^ sg jflofl Bfl^l*}3i, 1^4:4-1 ^4«^-?-7(l ^i7>^^ai %^ *^rft ^4 

4^ ^Ai 71^(4^- W t-^AiTl ^^4. 

^"71 7flAl^ 4°USi ^^4, 4^7>S ^^7^1 7Hrft #^4;7l-» ol-g-431, Sfl^" 

=1 %^tii 44 a itAl?m %A*m t-a-^^Hi ^sfl §Ef±^, ^jtjfl ^Afl^ 4^. 

t^-Al^ 4°1^« ^14* =r $14. 

^^14, ^^l 3 ! 4 d li^, ^^]5l I^S. «?l«fl ^!2i7> ^*>7)4 ^^7> 7l-!fif-*11^4 451 si 

Jf ^♦a# <5 l ^4-7} Si 4^ ZrA^o] SI Si 4. ^7l4 ; 71^1-^44^ (Cd, Zn)S 

^ ^A ^A^nm Tj-f 011^ 01 ^4fe ^€^1 -a« 7> 4#si7i4 4^51714 «flA^ 4 

^sl^ 44 1:431, a 471 711 °14ft Tg^iir 2^4t°l #^^1^ ^1 ^ 4 A ^^^ ^4 1*4. 

4*1, 1^7>4 jio||^4^e.^ 7Mxr 4£^1* ^I^a-i ig^i^i 4444 ^-f 4^1 <ty ^ 

*fl 1^:451 -b ^ °114^l7> *4^l3i, ^4^171- ^4 Sib S-^St °R V ^ ^°1 ^7^H, S-A S4 4°1 
4), £^ ^4^11^1 Af4^=4 #<d ^4(-^, ftl^lAs $#*H ^4^1^ ^Ivixi^oi ^0^44.) =6fl^. ^4^7> 
*^4b 4^1 °im47l- 4£3 as ^4^1 ^4^51 t^-7} ^e)44. a, I^aH 44^1- ^^4 
444i a>444, ^4^151 mA A ^n^A. 

a, 4^7}i5i eHH ^^lb, 44^7} si 4*°14 ^l^€^(°lll-^ ; 44iAi ^H-sia-i- 3 
4 Efl^^l ^ ^sfi i-gr^li i^#El^ ^ofl An <fi45lb ^4?} 44. 

n5i at, 444b, 4^14 ^<a4b 4-S-°14 tiIsah 44^1 444 ^44, 471 4 4 4°ll sl^ 

<S47l- 44slb AS- Si 4. 

a, °144 -8-71 <*)£.!■ A>444, ^ ^HlA^b ^!447llo)l S\n 47l^^(electrophoresis)4 ASlA ^^7> 4 

4b ^44 $14. 
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4444^ 44 44# «H444 4*fl 4^44 ^ AiS., Jit?- JL^IES. 44 4 4°)14^ ^^SL g 

44Jl44 ^44 XflB|^7> 44 44 #4441- 7^4^ 444 ^rf. 

-&444*£-, 4 434 4444 44^44 w^im 444 4444°11 

(1) ttiX}£fe, JL$£ 444 7>^S>J1, n l£4^H34 ^-y]^ tflSfl 4444 oj.^ 4 

(2) ^443±r, 4#4 JlflH 44^44 ^ <|I^5!|jL, S||4 44^4oll4 4-$-^ 7 d-* 44 i^fr44 444 

444 444s, *mj«3-7} 44 ifl*^ 5? ifl€^ ¥°) 344 4«4 ttM ^44 ^ n*m$= n%^i=, 

444 4£4 eH4H1 «1 «fl 4 30«11-40«1H 44^ 4£» 7 }:*|fe 4^ ^#4:5.3., 444:45. ifls-?! 

44 4444 444 4*11 oil ^44 111*$ £ $ 4 *H44), 

(3) 44^44 i§4444 443-^, W47} 44^43.444 ^S^^g- #qs$ ^ ^#<q ^ 
Jt44-°3 4444 *44 5-44^3 4^ 44444 ^44 4 Si^ 4 

4 ^1 4A44^ ^44^ 44 ^iM 14, £444 44SJ4. 

^, 4444 4444 ^r, 4444 4^44 44^44, 4)4 44^44 £44 44 034s. * 
-r* 44 444 4€- 444 4^1^ 4* 444^ ^£^444^441- 444 44444 $144, 

44 44^44 4444 44141 44#45i*ll3. 4^44 31, 471 ^£^444^44% y, u, Sc, La, G 
d gj Smiis 4444 ^f-4M 4^4 44^ 444 444, Al, Ga g inAs 4^44 ^1-44 4^4 44^ 
444 4i« 2.44^, =l*\5L Aflf-AS 4444 7H(garnet)3l S44tt 44 ^ «l£ 44. 

444, ^4#^441-4S^ll(^4-i! In^Al* N, 4 0=4 0<j, 0<k, i+j+k="l")Sc InGaN, 4* l"£«-4 
£H4 GaN-i- 4*, 447>4 44 2444. 

JE, 471 ££4444^4*l|3.fe Y 3 A1 B 0 12 : Ce, Gd 8 In 5 0 12 : Ce* 4**114, 47]4 44 ^§44^ 
41^4 i444. 

H4, 4^ 444^1^1 ^1124^^ (¥ h Gd t ) s Al s 0 12 :CEAS ol^^jl, ^°14i 0^r^l o lJI A 

1* 0 4^-7> Ga 5J/Kr In^S ^144 4£ $i^r ^4 444fe 47il; #&|el» 4*7l 47] ^4 #44 
4^ ^44 *44fe 4^1; 4?| it 3 31- %q 44 4°1^- 47fl£M $1^ 4*^4i ^°d4fe 4^1; 4 
71 ^4 #1* 47l 44 ^liH||-^| 4^^-^s ^1444 *44 ^^4^1 ^J4 4^ 44 

3 44- 44)4fe ^4## 4*71 4414, $7] ^44?m 4?« ^14^, 4?1 ^4#°ll 

44 471 471 44 4°R-^ ^ °-^4^ 4^ 4^ 2:4°1 ^^4* 4#£-^ 4* 

^as 44. 

444^^ 444^, 44°1 7^4 ^4#ti1441-4£^£ °14 c> 14 44^4* 444^ Sl^ss, 
jiflts 4444 ^ °I4 a, «H4 44 4^H4 444^ 47l i£^4il4^^4^11fe, 444, ^ 4 
i ^#sic-i45L % 4^^i 447> 2)4 pfl4 ifl44°l ! fl 0 14 ^J°14. 444, 444 44°fl 4|«fl 44 ^4» « 
■a -r 444:43.4^1 ^1 7 J-4 4 4^1444 4 5lefl4(7}si44 ^44 Bfl44 s)^i ^4 

#«] 4 ^444 AS4471- 4*1 ^4 444^1* 4|^4 4 514. a, 444^^1 444^m, 444^1 

Sl^= 44 i£^-4 1 -il4^^4^7> 444(ffiH*)°l 4 ^^-^1, i#lr<H I20nsec4fe 4^4 4^ 444^7} a 
451 4i°lli 444 4 $14. 

44^4 44 44-2-^14^, 44 i£44^1^^4^7> Y4 A14 i44fe 4 s-f- 444 4-74j!?!l ^4 

^11 (yttrium-aluminum-garnet fluorescent material)* S44fe S4 444 4^., 6 H 44 44444 i 

ol A olrl 

44^4 4444°)14^ 44 ^14^4*113 °J44(Re 1 _ r Sm r ) 3 (Al^, Ga s ) 5 0 12 : Ce 3. S4 

4^r ^4^11- 444 4 (4, o<r<i, o<s<i, Re^ y, Gd^4 4^4^ 44£ 0 ^*44.), 4sf-4^-44- 
4^4 ^44# 444 ^44 4 o a4 444 444 44 ^ 44. 
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3E, 44*34 4444 444 A 3(4444, ^V^Vc: ^-rro]^^. 4 sfl #4 ^i^^ 

i^44^ ^^(Y lwr Gd p Ce q Sm r ) 3 (Mis Ga s ) 6 0 12 S £43^r W4(4, 0<p<0.8, 0.003<q<0.2 
, 0.0003<r<0.08, 0<s<l)# 444^ 44 43-3^4. 

3i, ^444 44444 $144 #4 iS^H 4^4*11^, 44 Y4 Al4 i4«l)4 o] ^o\^ A]sL Si^o] 

4^ 2444, ^f-AS. 4444 o mt't^l¥-7W^l *§4*)1» t£ $14. 4^14 fAs^, ftix} 

51 44(4444H ifl44£4 itJL44tll4^14S||4 44^M^4 ^^A), ^4±r 4444 4444 T 

444, 4444 4444i44 44444 44444 4^4 4444 #4 i£-f-444i 

4 44^ 44 444(Re w Sm r )g (Al ^ Ga s ) s 0 12 : Ce(4, 0<r<l, 0<s<l, Refe Y, Gd°H4 444^ 44 
£ <ti444.)5L S44-2.45L 4= 24 #4 ^ 4*111- Sfsfe 33 4 44444. 

a, 4444 44444 444^, 44444 3^444 ^41 #4 i£44 ^114^4^ ojBLi] y 3 (Al x _, G 
s ) 5 0 12 : CeS J£44^ *)U44414, 444 Re 3 A1 B 0 12 : CeS iL4s]fe *fl2^44« 4£ $14. 

4, 0<s<l, Refe Y, Gd, Lai a] 444^ 44£ <3^44. 

a, 4444 4444444 >£4444 =£444 44 ssL^li-ll^W^fe, 44 4s*-4444-7r 

^^1 4444 $144 4^=44 447r 7>#H] ^-(gadolinium) AS 44432-, 4^- 4444 4§ 4]1^4*H4 42 

£44£4 * 4£ $14. 

Zie|Jl, £41414 ff^HI $144, 44 44^44 44^:^4 4^7 r 400nm44 530nm ^4) 

i 4^4:2, #71 SS^li-M^^]^ ^44444 #71 ^4^44 4-Mhj:L4 ^41 4^4^ 44 444 
44. oh 44, ^ j^ajAs. 444 ? J ^ 5|4. 

£, 44 44£4<>11 $144, *H4 44^44 4444 ih* £44tt ^441-3] 4£*ll* 4^44 a, 

#71 ££^4114^ 4*11 7}, 4Sf-44 L 44- *I4*1H $H4 ^Sf-tf'l?-?}^^ *§4*114 Al4 4 
47} Gai 4*11 Ga : AI = 1 : H4 4 : 64 ^^H 444 4£4 4fi4^, olSfrSt^l^HM ^S44| 

4 Y4 -gJM- Gdi 4*11 Y : Gd = 4 : 1 °l)4 2 : 34 $fltfl »l^o] ^s\6\ oi^ ^o] c| 4^44. o] 

*7il iS^lTfl^^*^^! i^H^, in* it* €4^#^1«J:£^11- 7Mfe 

^44 ^^4^ ^4 444 tiB-f S fl^fis, ^4s-g:(^^£*)* #7fl tt ^ §14. a, ^#^44 ^^144 

^^-^14 ^4444 ^o}} 44 (color rendering)^ 4^4 ^^<^1 4^, ^ D fl °- 

^44^1-i-^l^'&^ $14 

^4^4 ■a^^i 4# 4444fe, ^ 'S^i #7l isfl v||^^ 4^1- ^-n #?l 44i47> €^14^, 

ZLe] Jl rL -i| ^4(one principal surface)* ^144 S4 d l 44^-^^ S°J tf!4 44^44 H^4( 

optical guide plate)* 4«14°1, #7l 44^47f ^ 44 ^£^4^14^^ 4^14 £444 ^ ^4. 

tAS 44 £444 44 ^ 4a4^4 #?34fe 534 f^'As *V4 

4444 4S- ^S^fli 4^ 4444 fe, n ^44^1 44 44^44 444^-, =i ^ ^4°11 44 ^44^1 
Aii^4^7> 4444, 44 <a ^a44 4144 ^44 4^4^ 444 ^fls 44 3)3= 44^44 £444 4 
444, 44 44^47} 444 44 £444 44 i£44 ^14^431* 4*fl I^eSs 444 44 £44 
4 44 443£4°114 #44^ 4^ w . 

a, 4444 led S4444, 4444 44444 is^iltfls B fl 4 4 LED S444, 4 led ^444 4 
44fe a4 i44°ll 44 4444^ 444^1- ^444. 4441 4*i ^41 s.*]7} 7^4^, Ji^ 4£°11 4 
4 ^444 4^ 4514 4^4 LED X4444 ^144 4 $14. 

4444 «J*§*H 4^ 4444^, 444 4£44 7>4^ 44^ , 4£(mount iead)4, 

44 44s-4£4 4°H 444^-, 444 444 44H-4H41 444^5. LED ^4, 

414 LED 44 444 4441 444AS 4444 4.4-4H4, 

44 LED 44 44£4 44 ^ ^fli 444 444 2*84^4, 
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44 44^-4^4 ^44, 44 44-4^4 44 LED ^4 444 4444 ^4444 i44i, 44 s4 
4^ 44 LED ^4 444^ #SJf7fl» 7}4^ 44 44££ 6 I} $x°\^ t 

44 LED 44 ^^^i^^-Hl-^ol^ 4-7] =144*114 Y, Lu, Sc, La, Gd S SmA£ 4444 n-f-ojH 4 
44 44^ 444 4^4, Al, Ga ^ InAS. 4444 nf-^H 444 44-£ 444 4i» S44i, ^lfAS 
4444 7>441 ^ 4*11 S 4444 iJL44tll 4^4^14 i44fe 3t^o s 44, 

4444 44 4^ a]} 4^ Aj- 7l = s ^lv|l^^^l7K Y4A14 i44^r 4£f~4444-7>44 44 
4 -1 S44^ 442144. 

a, 4444 4444-£-£44^, 44 iE^4t)14^W4S "£44 (R ei _ r Sm r ) 3 (AL_ S Ga s ) s 0 12 : Ce 

K*\5\x= 444(4, 0<r<l, 0<s<l, Refe Y, Gd<>)14 444^r 44^ <a*44.)l" 444 4^ $14 

I£, 4444 44 tM^«]]A-lfe, # 7 ] i£S44Ml4i44S ( Yl _ p _ Q _ r Gd p Ce q Sm r ) 3 (Al^. Ga s ), 

12 S £43fe (4, 0<p<0.8, 0.003<q<0.2, 0.0003<r<0.08, 0<s<l) ^4311- 444 4s. $|4. 

^-^5] 4440} 6.1=44^ 44444 44^ 44^S 2:^44 44, 44 tfl 4^4 %%} 7 }, 44 Y 

4 A14 X444 oi^^i, 4^ 4= 2444 4444 4£4-4444-7>44 ^43l« £4 

4fe- 44 44444. 

4444 44 44£^14^ 447M5L 44 444 44^ 44°-S 2-444 444, A> 7l 3L£^-Tllt|lAii 

^431^, 44 444 (Rei_ r Sm r )3(Al^ s Ga s ) 5 0 12 : Ce^ i44 3L(#, 0<r<l, 0^1, Re^r Y, Gd<>f|4 4 
<y?H4.) 4s 4a 2444 *f4*ll« 4-8-* 4£ $14. 

4444 44 tM-SLH.<HH*r 447MS 44444 44tt 44-^3. 2444 314, 44 S£44^114^ 
431^, ^44 Y 3 (Alj- S Ga s ) 5 0 12 : CeSa4^ 41^444, ^4^0 Re 3 Al 5 0 12 : CeS £4^fe *I|21I 
4*fl# 4-8-* 4^ $14. 444, 0<s<l, Refe Y, Gd, La»ll4 4^4fe 44i °^#44. 

^.^cq m-jg. 4o]^^A^ P}t7}xis 44444 44fe 44AS. s^4^ fl^l, 4^1 
4^ls, 44 °lsf-°J:-f^l^-7}^7il ^4*H°11 $1<H^ ^12^4*1]^ ^47>7}#5)^as sl^^ 

01^*1 jl, Ais ^lfir4°l 4# ^11^4^14 m^tm 44* $i4. 

a, ^4^1°fl4^, 444 4* 444 44 ^:44fe 444 4* *<r*H 444 4 

4 ^44^ «1«B #4. ^4i4^fe, ^K#s^-7ll4 a^4^ 4)1- <S4^m 4^1^%* 444 
5l±L4 7MM 44^1^1^ 444^ 55 °1 44444. 444, ^Ir^i 4# 44 4°l^i4^, 4 
4J:4 44 ^ 4^1^44 ^4^-1, 47] ^^44 44 ^4^4 ^s|3f 7H4 ^i^i 4444 4 

00nmi4 530nm ^44°ll 4^4^, ^JL ^7} ^^44^- 47] #^44 

aii4 47l] 4^4^ 44^44. a, 4^4 ^4^1i 4«ll ^4^. 44 44^a>7> 444^ 4a 
4 444°]s5i, ^4^11 4*11 444 44^4 4°1 ^■^4 e fl ^44tj4£ 44^aH 44 *44^1^ 4 
^4(4^^°1144±L4 444 44 4IM*I4 4?1 ^^). °14 4°1, ^44 -S-^ 4«fl 444 44 44 i4# 4 
31*4 fli 44 444°1 4 s:42jAS 444 4 44. 

014, £44 4^4 44^4 44 ^nm 4444. 

H 1 4 44 44-2-^dOOfe 44^-4^(105)4 44-4^(106)* 444 4^4^ 44 44^s, 44S- 
4^405)4 ^4d05a) 4i 44^4(102)7> 444^, ^4(i05a)^^l 44^(102)1- 44^4 ^4 ^ 
^144^^4^!- sl^^4(101)71- -f44 ^1 44 #^44 4^44. 444, 44^4(102)4 n44 
4 ^ p4444 44 44^4^(105)4 44 -4 ^(106)^11 444(103)4 *4 ^444. 

444 44 444 44 44 -SlhoI) 444fe, 44^a>(led ^)(102)<>11 4«fl 444 4(44, LED444 4) 
4 °a47k, 5?^44(l0l)°n 444 S£44i-il4i^ 4^114 4444 LED 44 4^ 444 ^44 4^4^^ 
4, ss-f-444^^447> 444^ ^44, a£4444^444 444 44S14 #44^ LED 4 4 444 
4 #444. ^1 44, 44 44-2-^(100)^ 44i4(i02)7> 4444^ LED44fe 444 4# 4£ #444. 

a, £ 24 £44 44 ^ 4^ 44 44-S.hs, ^ 4 (204)4 44^4(led^)(202)7} 44 4 jl, 44 
iL44 ^44 i£^Ml A di^ t^lt 1ft 31^17} f4l4-^4 s44(20i)7> ^444 4444. 444, 
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44i4(202fe i«l-<H Agl 4434 ^144=r4 ^SjiL, Silt 44^4(202)^ n4444p44 

44 AA 44(204;H] 4*14 47^4(205)°)] 5L44 4 o H(203)l #*fl 3444. 

434 #0] t\.o] ino| ^A], B|HE}-<g 44 C)-C»l 0_ = 4 447>4^, ±£43^14 

i^4*)l7}- 444^ ^§44, is^l^Aii^^lofl ^5)4 ^4 LED43 ?433 #33^, n 44 
44 4 3 iS.(200)fe 44^4(102)71- 4434^ LED44^ 443 4-& #344. 

4^4 £E^],|^A|^^ f ^ 43^^ S^-fr 7^4 

1. 44, 44^4(LED)i3 ^ *#±*H 434 4^4fe 44* *sfl 4#44. 4*4 44, 4 
^^Hl 344 443 43 5)31, ^ <q 44 3fl4.gr 7>4i, 44 sl^e Mis 4#334 *4 
4. ^34, 3441 434 44 43^fe, 343H 331 44^4^433 44 44334 4* 4*4^^, 
44-8-4 44 *fl€4 *J4*Kr <S SH ¥14 34s 5<a«Ml 4* 4*4 ^ Sl4 

2. 444i4(LED)s433 443 3^1 71-44^1 afli 3^ 4^3 ^4^=34* 7^es £33 3 £ 
4 3^ ^ s^m- rfAs 4^ 44AS4 444 343^ £34^ 4 4 433 44 31 
1-3, ^333 44 fAs 444 ^40^ ^^£^^01 $^%c,} 43344. 

343 434^ 43331, 251 44 £1 £fe £23 5134 7}^ 44 43^3 &ol 

4, 7H^«|fil 33337} Hi a 2 ) *4 14#344#4:£3« 344 44^34, 433 S£43 34^34 
sill: 2:44 -^4M 44. 443, 444 ^ 43 4^, 434 443 33 44:1:43 344 ^ 

444 34^ 4x4 434- 7>44. 

■344-5-3. 3433 Si 3 3^, 4433 44 4434 4443 44 4*4^ 343 A 4443 44 4^3 
aj 4443 4* 4*4^ 3433 «1«R <£4:a-§-3 4433 44 43 -2-^3 3 444°] ^4^1 4 

43 4W 4 44f-44£^l 44^4(44^4)1- 444fe 43 44344. a, ^£3 44^4* 344xr 
740] 42^14-. 

°1^4 444f-^l 45.4444:44 S4^14 4-8-^4 ^ 4W iS-^lT-ll-a^^lsfe, 

1. 44£4(102, 202)i 4*lsl4 ^44^1 4 30Hfli4 40uB<Hl 4*Hr 44 4°fl ^#=14 
A^ 4 2AH tfltfl 4^14 41 ^ $1^ 444^1 -f^r4 9!. 

2. 44^4(102, 202)i si«ll <^7l5]^, 44^4^ 44^-5. JL-t-^-^s 444^ ^. <f-4, €4^- 6 l^-4 
^4, 444^1 44 ^4?fl 44^5. if^is. 444fe 4. 

3. ^44 44 $4si^l *W =154, 444°fl^ ^4^11 44 444 4 Slfe 5l. 

4. 44^4(102, 202)i ^ 4^151^, «(I4 3* 444^ 44°fl ^4 4sl44^ ^44 ^hs, ^ 
£^-4 d l 4i4 4 

5. 24 Hi ^^5] ^4h11 «14^^^4 443 44^14 4 Slfe 4. 

6. 44 4°l-$-^ 444^ i 4# ^^«1 Slfe 
^ 44 ol A444. 

^4^b«i 

444^°fl 4^ -^^1^4114 44 4°l-2.^fe, tftl 3.^44^=9* 44^, 44°1 7}^4 44 
4l-?1144l-4£^l4i44, 44^1 44°1 7}^4 is^ol44^^444 44AS 4^44 7>47jli£^nl44 
^^4^111 2:4-^14 4°14. °H 44, 44^1^^i4 44 4°l-£-^°)l Sl 0 !^^, 44 ^(102, 202)3.4^ 
^4^1 444, 444 $n ^44 i£4^144i^44s.4El5] %^t)] 4444^ ^4 4^?fl 44 
ol 7Br444. 

a, 44^1^^121 44 4 d li>-^i 444 ^14^4444 7V^4^s^^^4^144^ M144 4 ^fl^ 
4 71-4 ssl, 44^4(102, 202)5L4^ 4*4 7}^^-^^^ ^m^^ ^x\^ n e4«H4 2tA>^ ^ 

4i£ 444^1 4444 443 £<q 4*>7> tfl-f 3* «I44* 444 4 44. 

°14, 44^WU°fl 4^ 44 4°li > -H<3l 4 4^44°)! 4«fl 4^14 4^44. 
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(3£S4*H4^4*ll) 

ofl ^7lslJL, <^7l^ 44 4a 7}x}±= 44 444^ Lil4^14^1 0 14. f^^A^ m 

^tfl-id^^-^llfe, Y, Lu, Sc, La, Gd ^ Sm^H 4^ 3°lA €^4, Al, Ga ^ In°H 4^14 *H-E 4 

41 A443-, ^lfAS fl44€ ^HMHtfSflM^. ^rtt^ofl^lfe, ^4*llS, Y4 Al4 i44^ ^fO.S 

444€ lA#-4414"7}^?ll ^44 Sfe 144} (Re^ Sm r ) 3 (Al^ Ga s ) 5 0 12 : Ce (4, 0<r<l, 0<s< 
1, Re^r Y, Gd^H ^ajS]^ a^Sl 14)S &*]S\±: ^4*l]» °14*Rr 44344. 144ir7ll4444A 
314 °144 44A471- 444^ LED44, At]44Kbody color)7> 4^1 iS^Nl^ 1 ! 4317} 444fe H 
iL^a^TiHl 7J4, LED44 ^444 42} 4 31 3 AS. ^31 44 4 §14 4 $14. 

44^1H31H $1^4 1 iO^KMiW^m, 44 4°1 3114*1(101), ia^ 1 4(201)4 ^*Br 
4*14<H ^144 444H 44*141 444 4 $1aeis, H44«-?il44^4^ 4444°ll tfl4-4^4 4*1 44 
1 4-4«14, ^4(105) SEfe 7^(204) A4°)11 4444 44 ^jtAS.*!, 44 41AH.1 «H4 
if^M 44^ 4 11s 4^4 4 $14. 

471 ^£41^14^4311 44 4s^r 4-^4 ^4^HA 144 ^4. ^£41^14^43171- 
444 s^44 #^4M11 JE^^HM 44A4 i£41 1^:^4311 4i4A» 414 ^4^1^, 1 
4?HH11 IrlA^r 44 41 144 4 41 SMI 4 4 $14 44i 14 IS}* 414 4 $14. 44, ££41 
t-14^4311-, 44^44°)11 4^4^ 41 S^4as. 4£4A?> 441A4 4£111, 144^as41 
1 441 144 41^14 44^4^411 41, -^4 4a 41 144 A4 1?11 44 4 $11 iS4^4114 
i«3l1 14* 1314 4 $14. 114 ££41^4^4311 4ife, ££41^14=^ 431 «• 4444 431 
, ^§44A, ££41^14^4311 44, 14A 43. 44 3^<]sHr 1*11 44 4£» 444 4 $JU, 
44 41A^1 a>-§- ^ 44 Ji1«M 4i4^1- 4^4 4 $14. 

41 ^31 1^1 iS4 13 4 : 114^4^fe, ^4^4(102, 202)4 ^4^4 5^ 4>ll «fl*l=|2-, 24 4?-(Ee) 3W- 
cm" 2 <^>14 lOW-cm" 2 ^sHl^i£ 3UL4"?! 444 44^4 7>44. 44>l, °1 ^4*H» a>44^«i 444 ^ 
4 4^4 7>^1^ 44 4°1AS-* 4^4 4 $14. 

a, 47l^BjUsi iS4 13 li-114^4* : )lfe 74j!42l- 7}^°^, % 4 ^ 44°ll 44a., 5L3A^414 ^©1 <^7l 
^^e^o^ s| H s. 450nm «.^AS 4 4 $14. £, 44 i3B°flA-14 40] 58 0nm $13. 700nm4^1 

#<Ha^t iSHf 44 ^^^^4 7f44. ^^l^^fll^l S£4 n l ^14^4^1^, 1^ ^-fl <^ll Gdt- 444 
A^.^1 460nm olW^^tfleH^s] 0^7] 44a44 fel 4 $14. Gd 444^1 44s. y^, 44 44°1 
444AS ^144^, 341^1 4444£ 4444AS. ^^1=^4. a i 4^314 44^ 6 1 4A4 ^4, Gd°ll $ 
4 ^1444 4al^ 53 As. 4^4 4 $14. 44 Gd7> 47>4^1 44, ^4-Wl ^I^WliI^ 44fl£fe 
^i4sl^^4°l $14. 

4*1, 71-4 42:4 41fe YAGTll ^4^fl4 2^4, Al^l 144 GaS .^144AS«| 4444°1 4444 as a1 
^3=44. a, 2:^ ^ Y^l 144 Gds *144asm) 4444°1 4444AS ai se^^, 

ai^ 14^1 (Y h Gd a ) 3 (Alu, Ga b ) 5 O 12 : CeS ^a]s|^ yagtii ^4^1^1 2^4 ^ 444^4 44^ 

4. 



mi j 



No. 


Gd444 

a(# «1) 


Ga444 
b(# Hi) 


cie qs. 4a 


Y 


it 


X 


y 


® 


0.0 


0.0 


0.41 


0.56 


100 


100 


(2) 


0.0 


0.4 


0.32 


0.56 


61 


63 


|© | 0.0 | 0.5 | 0.29 | 0.54 | 55 | 67 J 


© 


0.2 


0.0 


0.45 


0.53 


102 


108 




0.4 


0.0 


0.47 


0.52 


102 


113 


1© | 0.6 i 0.0 | 0.49 | 0.51 97 j 113 j 



[ 
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© 


j 0.8 


0.0 


| 0.50 


I 0.50 


72 


i 86 J 



£H 444 4 444, 460nm^ ^^^S <*)7l4^ 4^4. 31, £15] *|£4 7|£f 100A 

44^ 4444. 



Al4 GaS 444 ^4, ^4 :&44 ^ ^B^M Ga : Al = 1 : H-M 4 : 6 aH o] H j4^ 4^4^ 4 

o] 443)44. a}$7W3, <g4« GdS. *144^ ^-foflfe; Y : Gd = 9 : 1 1 : 9 ^^) 4^44 

4444^1, 4 : 1 oflAl 2 : 3 ^ 4^Rr 4°! ji4 44344. Gd^ *144°1 24 *14^ ^-f^fe- 

4 A J)44°1 T^JI #<^S:7l nfl-g-o] Qd5] 444<>1 64 ^1^1 £]4 41 4 54*14, #1 

5L7> 4^1 a) 444. 44 4^4:4^ ^SRrefl YAG^l ^4^1 4 Y4 Gd^ «1 44 Y : Gd = 4 : 1 

«IH 2 : 3^ ^4^14^4-^4, lff^l <>lM4-44^4-7}4?ll D4« <>l-g-*M 4*11 44^13 (black body r 
adiation locusH 4^ ^44^1 44 d l 4*4 44 4 6 1^* 444 t 44. BE, YAGTl] ^4^1 * Y4 Gd^ 

«)44 Y : Gd = 2 : 3 - 1 : 4^1 4^44, 4*14 444 44°1 7>44 44 4°Uh* 4^4 4 
44. Ce^ 444(^144)4 0.003-0.2^1 «4s. 4^4.03*), 44 401.3.1= <q 4fll444£# 70% f]4As 
4 4 544. 444°1 0.003 ^44 734^ Ce^l ^4 5L£44>-il4^ °1 71444^ 44 4^sM 45E7} 

4#^3., *341S 0.2Ji4 7i^]4 45E 4i4(density quenching)^ ^44. 

0144 40] ^ 3 A1 ^ «jj=l = GaS ^144as« : | 44444 444^s ^^44 4 XU, £ 243 Y^ 
Gds ^144^ ^£ 44444 444AS a1 = ea]4 4 44. 2^4 44^7)4 44^)4 44 
^AS 2:44 4 44. BE, 44°) 254nm, 365nm4 Hg fl4(emission Unes)i4^ 44^- ^4^^1 &4 450nm 
«^o| 44^4s.4&l^ LED4°fl 34 ^7l3i4 0 l *4. ^44 3)3. 44°1 Gd3 2^«H «fl £44 
£.3. 4*Rr * 44#4£444^4^ ^44 444 44AS 44^1 ?1 4 44 °1434 ^4* 4«14^ 
§14. 

be, 4^3IH44, 444*4 45E*H«- °144 44^44, 4444 c lHf-4^1^-7>4 ^4^1( 

YAGHl s)£^-44i4 44f-(Sm)^r 4444 44^4311- 244A34 44 44 a# 

^t:-] 4^1^ 4 44. 

fla)4 Y, Gd, Ce, Sm, Al ^ Ga-2] 45)-#, £fe 3.4i4 ^711 441" <5 1 =1 

4 44#* 444^-, ^1-4 44^1315. £4*iH ±44^.1- ^)14s>^, ti14€ *4 4s.i 
i(fiux)s_4 1-442-4 ^ 44## 4^*4^4 i7Mi ^2., 47]4 i350-i450°c ^£^^^14 2-5^4 
^^a] 44^4 ^4 44, -H14 l-4(baii miiD^A^ 4el, 42, 4^14^ ^4 ^14 

4 4 $14. 

444 444^ °11 544s*, Y, Gd, Ce, Sm^ 4i# 444^aioii 44 4011 4^14 

4 44°1]4 *4 A 14 ^4 i^sflA] 034 4^44-§-(oxide of the coprecipitate)4, 444^-^14, 444f"w ^ 

4^1 Ai *)]44 4£ 44, 

o a4^1 (Y lTO Gd p Ce q Sm r ) 3 Al 5 0 12 3 K^^t SS4^44^^4^*, 4^ 4i Gd4 444^1 
44 4«i 460nm ^14^1 444^^^ <^ 7144^44 ^ 4 44. a, 7}^e)4^ 4444 47M^4 44 ^ 

H 444 530nmi4 570nm4^1 444^-S. ol^^ji, 4444^ 4444 AS A] 4 44. -g- 

n^^!4 444°1 ^4, Gd^ ^1444 4^fe 444 4 44. 44, Gd7} 47>4°H 44, ^^44 
si4 SS4^144^4 44 fl£* 44^ ^444. 444, p ^ 0.8 ^144 44^14^, 0.7 *m7} Ji4 44^ 
44. c| 44^14711* 0.6 cl4°14. 

E, ^4^ (Y Iwr Gd p Ce q Sm r ) 3 Al 5 O 12 S 5t45^ Sm4 ^44* iM^4^14^44^, Gd^l 4 
444 47M4£ 4£445] 44s #4 4 ^4. a Sm4 44Al^<>fl 44 3.45L^14 o) ^^^4^^ 4 

m 44?l£4 447> 711444. ^ 7fl4s|^ ^sl^ Gd 444°1 44^44 7144. 4*1, Gd 444 

4 47H714 i£44<-il4^ 44 ^^ofl 7l# 2,4^ 7 >^^ ^4^1fe, 4£4a^1 Whs, S. 
m4 44Al7]4 4^444 7fl44^ 3H #4. ^714 44* 4£44°14, 450nm ^■ii]4 0 11 ^14 44(25°c)4 
4^1 <*|7l44¥ls o ll 44, 4°^ ^4^151 Ji4(200t;HAi^ 44?!^ 4xfl4(%)4 444. 

Sm^l 444 r4 0.0003<r<0.08 ^44 4°1 44^44 °14°ll ^14 4£4a^4 60% o]4>o. s 4 4 oj4. 
ol ^4^.4 r*l 4-^4, 4i44 7l)4J:47l- #^^4. be, <>1 44^4 H ?144, 4£4 A J4 4ifls 7)444. 
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£, Sm3 44 4 0.0007<r<0.02 ^33 33 3 44341-1, °1 ^ <=>ll 3«fl 451434 80% 34^-S 4 4 $1 
4. 

Ce3 444 q^r 0.003<q<0.2 333 33 443 43, <=>1 ^3 33) 4344351S 70% 34-°5. 4 ^ $14- 
333, 4344*151$, q="0".033 3433 44 #|5L1- 1003 $4 ^43 44 5L« 444. 

Ce3 444 q7>. 0.003 343 343^, Ce3 34 iE^-334^3 3344433 47} 4^43 3£-3 
£7]- 3 43 3, wViflii 0.2H4 334 451^43 ^44. «i7H, 451 iffl^, ^84313 fl£l- S d l7] ^34 
333 451fr 47}33 7>4 3^ aj^^o]^ fcS^Mfe 444517} 344*r 444. 

44433 44 43-SL^34tt, AI, Ga, Y 4 Gd4 Sm2| ?J-f r ^°l 4^ 244 343 (Y HTr Gd B Ce q Sm 

3 Al s 0 12 iE4334^34314 £-4313 a}44 45= 514. 33 44, 343] 33 RGB 44344 44 4 
$.131, 333 3S1-3 §4 €3# 3433 #44^ £3 43 (full-color liquid crystal display device)4ilS. 

344 451 $14. 

(44^4402, 202)) 

44^4^ s.1 S 512334 43 *1]43^ 443144. 44433 44 401 443^ 

44i4fe, 34-^3. 4344 7V47-113431S n^^^s 3334 4 $fe 34443441-45131 <>i 4. ^44 

43 441" 45131 S 344 44 £4(102, 202)4 MOCVD^ 44 3433 34 ^Hl InGaN 43 344434 

51314 ttfiis ^433 7114514. 44^43 42:3.^, MIS34, pin 34, SEfe pn 34 -1-4 43^ S:5i4 
a, 33^4^ .314 3433151421* # 4 514 4513143 ^s.4 n 13513 44 44 444 33?M 4^1 
« 4 $14. se, 4i3l 4344 441:47} 34 &3 334 4^444-1-4^4 4^4441-4^ 4 
4i $14. 4*1, 4443 41^4 fe, 44^43 4344 lnGaN3 4AS4 snf-334£3 

443 4471- fflji, S4 ^flss 444tt 44 43±5is. 344 4 $14. 

14443441-45131-1- 444 45131 34^^ 4433, SiC> si, ZnO -^3 1st 444 

4 $134, 4^4 #4 14444 33333 4433344 444^ %*] 44344. 3 44 0 1^7l 
4 4i GaN, AlN 4^ «}2144 4«fl PN 344 ^4-514 444#4E4#4 33 #4. 4444^1451^^, 
4*3-4 #4 43HH 514^4 44^4 4^14, 44i#4 44^7]^ ^ «^ m^ (?fl ^oi^ 
i 4)4 7>4fe N^444f-4£^» ^^47l £4^^ si, Ge, Se, Te, C 44 ^4*1 EH^ 
^ol 4^-3144. p^€^-^al-£^# ^^4^ ^4°fl^, £4^4 Zn, Mg, Be, Ca, Sr, Ba -f-4 £H 
44. a, 1444^144#4£.31^, £4s» 5i=4fe 4A^fe P ^§447l *li^4ss. ( P ^ £ oi* 
i s(f U rnace)i ^4 4 < i, ^14444 ^44 44^4 2:4 4i P ^ 4^1 7l^ 4^3144. 6)|^ 

331 pH ^ N^ 44444£3l2l S44 t#4?l 4, 4 45L314 4°H isl^ej^ ^ 4^44^ 44 ^14^ 
*\ €*Rr ^43 4 444 S^44. 

44^S, -^714 4°! 45131 ^11 ol 3] ^4, 4°l A Ji(dicing sawW 331 ^3 * S4fe 4^, a^r 44 

4 444^-4 ^4 44 7\AS= 44 4^1 *(4= o.s 45L31 ^^3^^ 2/1^ 4H, ^fe 443 

4°14-^44°1 44^14444^ i34 0 lal ,:, ll 3*11 45131 ^ol3°ll B H4 4^44 i34°l« 44(^4)4 

44451 4- 6 -S ol^ ^, ^1 4 4 «R ^1334 4^r 4^ 44 34«113 4^1 
4 3*711 «H3 1444711441-4513151 3434 44^4* ^^4 4 $14. 

443^^113 44 435^^13 ^3t111- 4433^ ^4°H^, iS43M14^^43143 51^434 433 

14 44 10.3313 444;7>5l ^% 44^ 400nm 34 530nm 34^ 513 44343., 420nm 34 4 

90nm 34s. 434^ 33 i4 44344 44^44 i£43 ^14^^431 43 s:44 44it4 44333 
3^13^, 450nm 34 475nm 34^ 434^ 33 34 44344. 43^^l°ll 4^ 333 44 4351^3 

44 ^3s^3 13* £43 51344. 333 334 44 435^.^ £i°il s,x\^ el^^jis, 444fe 4 
3313 44^44 i£-f-334^43m 344 434. 333, 51433 450nm 4^3 3n* 7>4fe 443 
44^4.3.433 443^, 570nm4e3 3|3t 7>3fe 443 44^43 331 33 € i^f-334^3 44 
34. 

a, XH 444 ^4314 3a 44 465nm3 ^4 led(44^4)« ^44 333 44 43^33 444 
4 $l^r 334^3* 51163 4444. 3 344 44 435^3 4434, ^3 led 343 4^34 ^431 3 
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H<!\ 3^34 z)443 £3 ®-®3 tg^fls- AH-^AJ, 4fl£ £4 4443 4^44 

^^^^(£16°)1^ 3!^-4 44)4 af 334 4 44. £174 333 44 43AS3 343 4444 4434 

4 33 Tg^S] 44.fi O^H, ^^o] S1J43 4-g-*Kr xfl*> fts|4E £ 

4444. £1734 =r $1^-3, ^1433 *34 3433 4433 ^42, #34 33 LED3 ^344 

444334^, 443* 3333^ ^ 4^4^ ^43* 33333 ^ 44i4« *V7)1 A} 

44 4£ $14. 433-°^-, 3431- 3334 ^ 4^ 44434ti-4£33 444144, 343# 44 3a 

5- 33334 gfe, 444<>1 4?" 4 4# 443-ff Bli, 4# W)i 2L^r °lf- 4434 4 44 44^44 
4*11 4344. 01^711 4^ ^^11- 44^4S^3 4^3^- ?§433 4433 5] 

43. 4*44. 444, 433 44 7>44 44 43AH.5. 44 4 514. 
34, £1 4 £23 >£4 4^ 43Ai3 rflsfl 4344. 
(£43 433(103, 203)) 

£ ^Aj fifo] ^(103, 203)3fe, 44^4(102, 202)3 4443 3.4^, 7143 3#4, 434.£4 5 44£3 

3 #4 33 .3.^44. <14££5.^ 0.01ca]/(s)(ciif)( o C/cm)343 44342, ±L4 443 43^ 0.5cal/(s)(cnf)( 
°C/cm) 014°] 4. Si, 4334 2344 £-43 4333 334 10/an 34 45fM 347} 44^44. ^-S), 

4 444 2444 #2434 44 ¥«J 3£« 44M42 434£, 32 44^1 1^7} i-343 4^ 434 
?1143 <?13 zl^ 3433^ £43 4°H4 4433 34. 444, £43 4333 4^4 25*m 343 
-B-4 44214-2, 4443 4 #14 433 4433 35^ 0147} 44344. 5144 4°H3 afl^^fe ^, ^e|, 
«?4, 44*11? 44 44 44 3* 2#3 49^ # 4 44. ^1^4 7fl4, ^4^ °14^4 ^4-^ 4 6 H1- ^14 

4°H4^4^H1 ^^4 44^43 444, 4M-e)H 4 44s^h« -8-*14t11 ^ SI4. 

(4^-&lS(105)) 

4£H-4^(105)fe, ^4(105a)4 e^S4(105b)S o]^o]7.] jl, ^J?-(l05a)i 4°14^4^1s 44^4(102)1- 
*^¥7li 444 £1714 44. 4^ 44^41- 3 ^°fl 4^14^, 44s-^si- 44^4^ 
a l-8-*l-fe ^4ife, 4^ 44^s.» 444-^r ^47]- XIAhs, 44<H1 4^-4 47145-4 ^ ^4' 5 H 44^ 
^^<5l A444. H, 44S-5l^ 4^ ^ i-fli 44^4* flfl4*4 ^4^1 f 4*!l« ^ 44i 44^-171^ ^4 
°lfe ^4^15.4^14 4°1 ¥4^ (isotropic) is. 4#si$i43i «ll£, sisfl 4*Rr 44^2-S, 
«P1^14 4^ 44 4 6 U^4^5i 4011 ^4 44. ijj-^^- ^ 514. 6\ 7 ]^, ^4°14, «P14 
4-& 44 4*1^^1 4^^- ^-^44 ^4^ 444^ 4fe 4^^ ^lfe 444 444. 

44^4(102)4 4*s-slH(i05)al ^(I05a)4^ ^44, ^14^14^1, 4344^1, °1p1^4^1 ¥4 44 4^ 
4444 44 0 14«fl4 4f 4 4 SI4. £, ^l <5 li44(face-down)444i4(7l44 ft l4i 444^ 4°J^.s, 44 
^4^ 444 ^4(l05a)i ifl^4^4 444^4 444 %m °]44fe ^4i^, 44 44i4» 44s- el h 
4 ^44712 44 4 as ?! 7i ^?114 A g 4°l^s, 7}4 ^01^, ^ ^ ^4 n^o^ 

444°1^25i ^ 01^^ 44AI7I7I i?l«fl 44--t47> ^^sl^ 44^-51^ ^44^s. 41- 

4, S4°ll 447144 4^4 4£ 514. °1 ^4, ^4 ^(surface roughness)^ 0.1S °14 0.8S 44^ 

44. 3L, 44s-elH.^, l, ^el, 44 <34 4^1, 4^4 °J4 43 4 43, 4, 44 £-^4 4434, 4, 43 4 
4 * 4 514. 

044(101)) 

2^4(l0lfe 4^4^(104)4^ 44s-3^3 ^<=fl 433^ 5J^s, 443^31^14^ 44^43 
444 £443fe i£43 1-114^^4^171- 444 434. 2^43 433 3fisfe, 34343, 43443, 4 
3# 44 44 4443 334 43434 43 43 3444. sel, i£4334^3434 43 443# 443 
4 4£ S14. 4334 443 s^, 34444, 4444, 444434, 444i ¥4 444^ ^3 44344. 

343, 3434 ^3 3^ as 334 ^4, 2^4* ^944 4£ si 4. 3 34, 4^34 ^4434 34343 

3444 43 4^ 44S 43 S3 7} 7>44 44 43A^s 44 4 Si 4. 

(^-43(104)) 

•l-s.43(104)^, 44^4(102), i44 433(103), iS43 34^3437} 444 24-^(101) 44 44 
S43 iLi4fe 344 7}44. 44333i34^r 4^43(104)3 4434 3 4433^ 43 4434-2, 3 
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$n ^%±^-ao2)s,^^\ 44 A 3* 44^4 ^ si jl, *i44* ^7H4 <r si4. si, #=^-^(104)^, t 

4 $144, 44^4^4^ 444 4 4 444 ?lc ^ 7l^* 7>44. 444, #S ^4(1 

04)fe *4 *s.^ig4, 44?M^ 44 4^<>fH 1: H 44^1 4°1 4 ^** 4^ 24fl 

^§4A5L ^§444. Hi, #11^^(104)^, 44 4# 45-4 4t ^#4 ^dts 4 t£ §14. #=^^(104)5] 4*jl 
a) ^Slr, *3_ ofl^Al *?lH^l, 4^ *M *4 4^ ifl^RH ^^r44 43 *°1 ^1444 

. a, 44^)1^ £1444*, 44^14, 441HH4, 44fl-i** °|-g-^- ^ §14. 3*4 444^14^, 44 
^14 ^1:^ #HJf^ ifli = -t-B-Al^i a a^^^^fe, iS^im^i^^l- 

3?^4*H 4*^14 Sl3L, #^f*fl 4°ll "frfMS 514. #-Jf?Hl ££^144^4*11* 4*-M^A 
^444 ^ 37 )1 4 ^ 014. J£, 51^44 SL^-cfl frfMS ^ §14. a, 31^41: SS^l^^i 

^447}- 4*4 *4s 431, #1344* ia^Jf4 4^ *3« §14. °11M] fA£ 

*l, ** *^1 <34* 3t11 4^ 44 4°1^# 444 *7)1 4±£4 * 514. a, -g-sH 444-^ ^41* 
3;44 #^4^4 5i^4« 4* ?fl« «1*44 $14. £-«44°lH^ #3L44i *444 44*11 

« fl-fM^a 0^*1, 44 444 ^414 4 ^4^13 44* #4 =r 543L, 3 *^* 4444 ^ 514. §K <§4*fl 
4ft ^4 ^ ^4 4frfr *4^M 44431, t^s 4^j=l<H slfe 4*1^ i44. ^14, *^4*1H 4* 
4 444 ^M 1 -*!* 4*jh as, 4^4^ 44^ 4^*4. °H 44, 44 4^-4 S44^1 *M 
4^4 Sfe4. 3*4 44i^H *44443 430nm «|44 ^-° r °l]fe 44^44?! 4^4*^46 fi^l 
5H 2^t^ ^el7Hs ^ 514. 444, 4^^3112^1^^, a>^. ^4 44^ 

4 A 1 ^44^ 4i*£7i- 4^44. a, 4^1^eB2<H14^, 2#fl-*1^4 3**1 # 44 t^4^ 4 

i tfl-§-4^ sPKil-*^, 44^4^ 44^ ^-H14^ 4^|tfls ^^14fe f-)f-As4 ^41:^* ^ 51 
4. 

4714 4°! ^4 44^ ^2^1 #4 4°1^-Hfe, 4^1^^14 "f^a, at 4£(Ee)="3W"-cm- 2 <>14 
lOW-cm" 2 "14^1 JL#^^ 44^44 ^ e ^ afl44 7|.f ofli jajr-g-oijii 4444- 7> 
4 c 444<>Uh-» ^ 514. 

4^^^2i 4-§-4tt 4#^s *^44 ^Hf-^r^l^^^^] ^44(YAG4 ^4*11)^ ^4^^114 447> 

4S 7>^^2« ^^<H1 7j-44. £> 4A|^Efl2^ o]^.ojr^v]^. 7 }^} ^^fe, S5A^ 4 

44 4°1 iaiS^ 450nm =r 512., 44 ^4M^21 #4 3^3t £5B5l 44°1144 

4°1 510nm 4^4 <r 51^4, 44 700nm44 ^3 #41-£^- 4*- =r Sl4. °1 

<^4 ) ic-xij^ ^ 5i4. 2L ; 4ai^ei]251 4& «-4*4 °lsf-4^^v-7>^^l W^fe 

<i) 7 l islE^s] ^ai £5A^1 ^44 4°1 450nm 4^i>-£ 4 ^ 51^, 44 44 3131- ^ 

44 40] eoonm 4^4 ^ 51^, 44 ^S^* 750nm4^1 7 i~4 #<H#£4 « 3.^44 4 ^ 514. 

°14°11 4«fl, ^4^1 44°1 71-4^144. 

^It^af 7}4 Y AG 7-il ^4^51 ^ Aisl 44* Gas ^144°11 44 44 44°1 444^ As a] sesj 
31, a ^4^1 Y^l ^4* Gd S/a^r Las ^144°fl 44 4444°1 4444^s Ali q GaS tf| ^ 

^, 44 S44 44 44* 5L$AH Ga : Al = 1 : 1 o\]*\ 4 : 6 °] 44^44- 44714-S., Y^l 1341- Gd 
^ LaS 444^r ^^8:, Y : Gd S/afe La = 9 : 1 44 1 : 9^31, Ji4 44447llfe Y : Gd ^/JEfe La = 4 : 1 ^ 

4 2:3 *14. ^i4oi 24 ^14?1 ^-fi^ 4^S-ol 7)431 ^^^^^1 #^£.4. ^ 6 4 0140)14^ 444^1 
^^444 ^£7> ^*1 ^1444. 

olel4 SS^144i^44c, Y, Gd, Ce, La, Al, Sm 4 Ga^l 4SS. 44#, £^ 3i-£r 0 lH ^4 44#°1 
S|^r 44#* 44431, 44^4 S ^4«M 4S_lr ^^4. Y, Gd, Ce, La, Sm^l S|E4 

4^1- 444^«H1 44 4°11 ^4-^14 ^4°)14 ^-444 i4«fl4 ^^44#4, 444^ 

plw, 4444* *4«M *44fil ^^4. 44°fl ^^^(fiux)^4 444^^ ^4 4* l-4#* ^4 
«H4 ^ 7 i^ i350-i450°c *5L«i^44 2-544 ±^n^ i4^# ^-Sr 4*. i4#* ^i4 

4m(baii miiD^^l 4$, 4s, 4^1 4 as sfls ^14 444 =r 514. 

4-44^^2^1 51 C >14, ^°1 4§ 2^4 °14s] 4#As. 4444 ^lsi-^^-B-^lr^^ ^4^11^, ^% v 4 
4 444 ^£ 5l3i, 44 ^^As Bpl(iH-<H ^l#)«il4 4-§-4 514. 2*4 d 14^1 ^44* ^44 
4*4 4*. Hl^ia? 444711 444 #t!1 444^-* ^44 ^ SU, 2*4 °14^1 ^441- ^H^jAS «fl^4 
Tj^i^ 44^ aji^i s ^4x1 ff^Hs, ^4^4 4S4* 4 ^ 514. a, ^4^1* 44 ^W-AsL *mm 
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44^t 34, LED ^43 7>44 iL4 £b|^4H ^44433 34 ^8431 434^, LED33 ^ 

34 ^3 ^3^4 444433 i3"4433 34 3431 334^ 33 44343. 333 ^«fl tt^^a 

44 3 t^a^jil^ 

343' 43 443^32^ ^ 4ol^ fei ^^i-^sAI ±&43 4^ 2^f r 343 3^f-443 : B-7}33 
3431 443^ $14. 333, 43tt 4434 3.43-°5L 443* 4 $jb 44 43-2JE11 ^34 4 Si 4. # 
, 4£344i47} 444^ 43 ^ 4^-0), £6^1 £34 3£ £43 A333 B33 3 -*HH1 334 3 
4, 3^33 4# 2#4 343 °]£.&^v\v-7}yM ^433 3£3(C3 ^ D^)3 £63 A4 B3, C3 3 D3 
AS. 1:333 4433 $fe <S33 443^ £43^ 4 $14. 4.3^3233^ LED ^f, 3433 ^ 
=i 44 44 434^ 33 33 4 514. #3, led £43 44343 3433 ^33 3431 4333 
led £43 44343 341 i^is^, 44 44-3 447} 34 44 43££l -^34 4 $14. 5, 34 
#43 13-4 444 ^^fAs.<1, rgb3 443^4 :a3££ £44 #4 43££l 434 4 $14. 

344 433323 3434 3Hf--4434-433(YAG3) 343^ 7}^ ^si 7^|es, 43^323 ^ 
4 4 a] 4 jl3£3. 4434 4 $14. s&, 43^31 S 23 44 43££4, 44 44433 4 3 3 

431 44 44^31 4344. a, 44£45-433 4iL4£ 3 4444^ 4431 44 43 ££(501)7} 
33(504)3 3£3^33s 3t3i, 434 led £343^- 3433. 333, 33(504)3*7 4443(505)7} 
°J33£3333 $14. 

^43£(6i0fe £103 3 4 43, "333^ £33331 -a33£S 33*Hr 343333 344(RAM)(60 
3)4, RAM(603)33 SI 3 4 dl333 44 led S3 3 (601)3 443 44 43£^# £33 43 s 3^333 
3* 3^43:1- £433 #33fe 3^3344(604)4, 3^3344(604)33 #334 43-3 33 ^333 
3 44 43.2-£« 3^33^ £433(602)1 4344. 3^3333.(604)4, ram(603)3 3 33^ 3331 
^#33 led S3 3 (601)3 44 43 ££ 3^344 4433 3433tt 1^43.1 LED £33(601)3. #3 
44. 434 43 434 £3433 $133, LED £33(60ife ^3^33 °^334 4£ 43.3 34 £3 

3333 344 444 £34 4 *U, 444 24 333 $14. 

^, RGB 3 37f3 44 43££l 3433 333 £31 4fe LED £334, RGB 4 44 43££3 ^4 
#3* a433 £33^ €A7> $13 4 *4 43£h3 ^-4 4£, 4£ 43 f-4 ^333 4 44 43^1 

3334 43 LED £331 4^3^7> 4433^ ^33°1 $1514. ^4, 44433 £34 
333-4, LED £33(601)7}, RGB 3 3<f43 44 43JS.H71- 34 £-4 1:3 3 3§ 333 443 7pg-4 44 
43-2-^(501)1 4433 433-H.SL, ffsisy} RGB3 4 44 33 -2-^1 313A3L 334 4A7> ^3, 4 
^3^3 434 4443 4 4 $U, £3431 3^33 4 4 $14. 

a, RGB3 37>3 ig-4 43-S-^l °1433 333 £31 4^r led £33^, 13-^44, RGB3 333 44 
43^1 ^433 33 £3333 333^3 33 3 44 43-2-^1 33 433 44333 ^3333 4 
us, ^4^4 £3333 33^i, ji3443 £334 4 &$!4. ^34, 44433 £3433 3€- LED £3 
3fe, I7fl3 iLt 43-2-^s. 33 £34 4 $1 14 jo.3443 3331 £34 4 $14. 343, 333 4 
3 43£^3 £34^r LED £33fe, ±Lfe 4433 4^3 44 RGB 3 44 43-2-^3 347>7} 4 

4433 £333 33^ 347> 334, 44433 led £3333^ ^&14 <a3 §13. 

343 43 44433 4# 333 443 7>^-^ 43 43-2.^1- 3-g-^ led £331 434 £3 434, 
i4 3.3447]- 7}t«}2, 434 333 £37} 7}^H, 3^44 4 $14^± 433 $14. a, 44433 
4# 33 £37} 7}^ft led £33^r, *33 33, 4344 344 led £333 33 343 fei 34 44 
3 4<3 434 443 3444. 

m4433 44 33^1 444 4.^ £3433 3) 

44433 44 43-2-Hi- a}^-«-as.3, £12333 43, RGB3 37>3 ^ 43-2-^3 44433 44 4 
3££« 37}4 34 m±s. 4fe LED £331 ^4 4 44. ^32-, 3 LED £334 ^33 4^-3^1 ^ 
44AS.3 337}33 444 £34 4 Sfe £3431 444 4 $14. 43 £3433 4^3 ja.i^#( 
monochrome) £3 43 3 447>3 s., ^ 3 3 £3 3 331 s3 3 —3- 7] 3 4^ 443 3333 44(RAM)4, 
RAM3 334 3333 34 3 44 43-2.nl ^7]^ 3^-333 34 3^43:1- 343^ 3^333 
5L4, 32333S3 #343.3 33 ^3333 4 44 43^1 3^33^ ^4331 4344. 4, 3 4 
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433-4 RGB4 333S 444^r 4 44 ^llHt 44 *)H§Kr 443 lis 44. 31 23 3 3 

4 RAM 3 7]^s]^ tlM^s 44^ ^ 4o1j2.h^ ^4344 £4^a] ^a]?^ 4^4itf: 4344. ^41 

3, 333 S3* 4^ ;§434 RGB 4 44 ^433tt 4^4x3 4^44 43, ife 4^4 J: 3 
3^44 43, 3^ 43 4^4J:« 4343 43 44. 44, ^34 2i44£4 (4, 4^4i3 4^44 43, 

si^ 4^4x3 3344 43, sl^ 4^4x1- 4343 ^ 4 44 Ji44£4) 333 44 43^3 

4i4x# ^444. 3333 LED S3 3 3 *H4 S^ft4. 

34 43, RGB 44 tJ-6]iLH<fl 33 44 rq-ol cl^s ^7}flS^, t^43H3 fl^s- ^aj-a] ^ ^ 614. 
a, RGB -21 2tAS 334 3^4.37.4 44 ilfe 4£-3 44 RGB ^ 3^ 44 Sfcfe 3^ 433 33 45=5H, 
444 334 s44 47} 47.14, 4^3434 4°] 333 ^ 4°l£s-* 4?l-44 ^4 44 ^31- 344 
4 514 

334 3-3433 4*3^334 BflAjj^ ^ 4<>io£t ^s}^ fl^jg. ^^a]7]71 414 4^4i« 344 
3^3335.^- CPUS 4£S 4«l«Hr 5J01 4^-3144. 7)12:334:1:343 433^ 4^4^:4 333 4 

4 43£h3 ^4333 °J333 ^4334^^344. ^4337} 434 333 44 43 ££7} 343:a 

,£=34^444. 

33 £7}33 ^#33, ^71^ HOOTCH -££33 3A]4 ^ a. i^fA 4^(ball mill)4 3433 ^xj 

434^, A|^g, 43, 4£, 434as sfls. 33 414514 n 14, ^£^334^3434, Y7> Gd5L 4 24 3 

£ 344 3^-4-4^34441-34 (Y 08 Gd 0 . 2 ) 3 AI 5 0 12 : Ce7> *§43&4. £, Ce3 34^ 0.033 44. 

4^14 43 344 (Yoj Gd 0 . 2 ) a AI5 0 12 : Ce ^43 804444 34343 100444* 4 £4*113 4sl 
e]S. 4*i, 3 433* 44^44 ¥34 44^-e|£3 ^tflofl ^<g*|. I30t3 4£33 ia]4 ^4 734x1 
S4. 3^3 33 44^-4 4i 4^1 120^ is^p]i-il4i^4^7> 44^ a^4» ^3*4. 44^il<>)14 
fe, 3^4i sa«H>lfe, 44^4 i£4°1^4i^4^7> a^^ ^o] 4^51^4 4^«4. ^4 4^ 4 
3.5W/af<>14. =l*-, 44^4 ss^lt|14i^4^» ^144^, 44 S ^^1 fiJ:4 ^As #h 

47flSA-i 44aj 6)1^14^1. ^^5314. 0^74-1, #h47114 ^4 MH, 5l^SsH 0 Ji 4^=l3i is.4^411 
4i^^l» i44 a^4s l-el4?I 444i4* 4^«(I4, 44^ <H14^4^# 4°J4 4, l50t:<Hl4 5^14 ^ 

°lf Til *§^4 44 4^R^4 44 44 3<a4M 4 S£4^1 ^114^ 4^11^ ^44^1 ^«fl 4447> 

°]^7il °io]z\ 4471-^4 44 4*15-^ ^^-h, "S^^ *1^» 4^4 44, 44 

(x="0".302, y="0".280), ^14S 8080K, *14(Ra)="87".5S 444^ ^44°H 7>44 ^^4 44iS4. 

a, 44£4^ 9.5 lm(lumen)/wS qq 4^4 «1444. t)4°l, ^£ 25°C 60mA *Ai_ ^ 25 » C 2 0mA 44, 

4s 60"C 90%RH «MH 20mA 44^1 4 4^ A lfl°ll^i ^4^1i 7144^ 447> 4451^1 43. 443 «?! ^ 
^44 4*1^4 4^4^°ll 4°4> §i4# 444 4 5144. 

(H]5L<^ll) 

im4^M14i^4^11» (Y 0 . 8 Gd 0 . 2 ) 3 Al s 0 12 : Ce ^4*lHH (ZnCd)S : Cu, Al 4 ^ 4ife 4^HU4 

*°,14 ^iLs 44 4°1^h.# ^a^^ 4^a]^4 4ai^4. ^a^ € 4^ ^ 4^, 4^HU4 4 
47MS 44°1 4 < ?l5i4^4, fli^ 444 a, ^^l^^^fe- 4 100^4^4 #^°1 $3j} ^1514. 
144^4^34 44, ^447> 44^1 °1 5144. 

0 1^4 44i43 4444 ^4^1H1 4433 44 344^^13 4°d4 4^3 3«11 44333 

W343S43 SS3HAJ o>oj=iol m$\6\ q&c] 4aB AS ^o,^ ^3444. ^£ 25°C 20mA » 

4, ^£ 60C 90%RH 433 20mA #43 4^31441- 43313 444 43 £133 £344. ^3 
44 7lfA£ 443 4331- 4444. £133 5133, 443 43313^ 343 3^314 4444. 

(4332) 
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^AH12£] 44 4 d l-2-Hfe, 44i4^1 ^mm^^n^ In 4444 -S^Hl^ 44i4iL4 ^7}^ 
Al 44^4^ 44 si HI- 460nmilS 4^, ^£^4^4^4*11 <5} Gd 44^4 £lAHliLt|- (y 0 6 Gd 0 . 4 

3 Al s 0 12 : Ce 3. * 33 $Hfe <a*Hl4 44 3-©1.2J=# 314M4. 

47I4 4°1 X| ^ 44 tJ.oliLE.fe, 444 ^ jfljl, =L *|4£, 4^14. 44 

, ^5^(x="0".375, y="0".370), 4400K, £44 *14(Ra)="86".0<5l 44. 

£18A, JE18B S ii8Ci 44 €*H23 is-f^i 44^4 S 44 4°l-2-^ 4 44 
34 4444. 

a, M^H2^I 44 4°1^# I007fl 44^4, s-A 4£°ll 314 1000^14 44^14 ^ 4£» 24^4. 
zl 14, ^K^Aitg^ 4^1- ioo%43i Ml- 3-$-, 100044 34*3 3 J*4ife ^3 as 98.8%s. 4 
4°14 £44 4<S4 -4 5884. 
(4^1 i 3) 

4AH13S] 444°l-$-Hfe, IS^iD^^S Y, Gd, Ce3 SlEir^oll Sm4 c| 44 A 1?1 ^43 (Y 0 . 39 
Gd 0 . 57 Ce 0 . 03 Sm 0 . m ) 3 A1 5 0 12 : Ce 3 $#*|* # iJHfe 4^HH4 4HAS *H4H4. °1 

-S*H33 44 cH.sle.# 1007JI 7ll4«iM ; i3o°c 45.4^14 3 J44 14, ^Hl3 44 4< 5 l^°ll v]n ^ 
(4-*HH) 

4^143 LED S^lfe, ^AHisl 44 40) oc.71-, £lli^4 ^-elsil44 $4$. 414^714 4 C >11 16 
xi6 ufls^i^^s nflgSM 4444. 4aH43 LED a*l7l«IMfe, 44 t|-e>i.a.2=7l- Bfl<g4 7 144, Jfl^M 
3. 01 =01^1 j; ^«- 7 K505)7l- -a^s. ^3 AflAi(504) tfl-^-i Bfl^sU, 44 4°14.H5i 444* xi5]4 ^4 
44 4°14.^, 714 S 4447l|sl ^41- 5qn4si 3*1) ±^ ols. 4 aJ 14 4 ^€-3x4(506)71- f4l44. 714 

4 44 4°Uh43 4f-4^444^» <>l-8-*M 4-M4. 

4714 4°1 *1144 LED 3E*l7l*, ^^Slfe 3.*] 11*13 AS. 7l^4fe RAM, RAMi 7l^slfe qo]tf 

4 ^#3)4 44 4°l^£-i- 4^ 471^. ^^7i7l fl* 7H2l4±» 444tt tH^H*!^ 
f^-ilM i^s^ 44 40] i».H# 3 ^Ai^lfe :^M3«- 434 4^ t^HI 331 4*4^3 *q LED 
i£Ai4^ls a>44 ^ oj4^ 4?l^4. 

(4^H15) 

4AH15S1 444 d lAHfe, 5L£4pH4^431S ^4>i (Yo2 G d 0 . 8 ) 8 Al 5 o 12 : Ce ^ A^lslfe ^4^1 
1- 444 33 4aHU4 f-^4 4^^s ^11414. ^H5^1 44 4°1^# lOO/fl *)14*IH 
4^«4. 

44, ^£^(Bj^^l)4 (x="0".450, y="0".420)A^., 44 A ^sl 44 444 4 a!a14. 

S19A, £19B ^ £i9C°n 44 4^1*115^ iE^Hl 4^1! 4*11, 444i4 S 44 4°1^-^ 4 44 
^4 4444. 

be, 4aH15^1 44 4°!^^, 4aHU^1 44 4 C >1^ 6 11 «1 «fl fli7} 4 40% 1*14^14, ^^l^^fe 4 
ai ^14 447MS 444 ^4^4 44M1^4. 

(44^16) 

4AHi6isl 44 4 d l^^, iS4p4114i^44s Y 3 Ai 5 o 12 : CeS. S^slfe ^4*ll» 444 ^3 
^Hfe 4^HU4 ^^4 4^as ^11414. °1 4^146^ 44 4°1^1- 100/11 ^1444 £^ 4-^4 4. 

=l 44, 4AHUi ul«e 44 44^4 4 «H 44 4444 SI44. 

5E20A, £20B, £20Ci 44 4^1^651 i£4^1 44^4*11, 44^4, S 44 4°l^H.i3l 2\ 44 i^H^ 
4 4444. 

hi, 4aH16^1 444°Us-fe 4^Ai^oHAife 44^14 447MS 444 ^^44. 
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(^H7) 

^A]ojl7s] ^ tfo] o_5Lfe, iSL^444^1431S <a44 Y 3 (Alas Ga os ) B 0 12 : Ce 3. ^44^ ^§44 
1- 444 53 44^ 44414 %<*t£ ^ as 44«4. 44474 44 44£^« 1007}] 4444 s.& 444 

n 14, ^H7^l 4444iL^, 4£fe 444&44 444 4 4* t sa:a, #44^44^ 
^ahH4 44-4 44444. 

£21A, £21B, £2ic4 44 44474 i£4444i^44, 44^4, S 44 44££4 4 44 
* 4444. 

(4448) 

44484 4444£^r, -££444 4=^4443- H44 Gd 3 (Al a5 Ga 0 . 5 ) 5 0 )2 : Ce S- &44^ Y* £ 

444 44r 4444 444 4 44^ 44414 44 4^as 44M4. 44484 ^ 44£^» 1004 44 
44 £^ ^44 4414. 

zi -*3a]^8s1 4444£^, 4£^ 444444, t^^llil^^ 44414 4444^. 444 444 
4 444a14. 

(4449) 

44494 44 44£- c -4 £74 £44 ^-^^ 7]-^^. jgg^ ^ ^io]4. 

44i4S 44 4 3.7} 450nm4 In 0 . 05 Ga 0 . 95 N 4£*ll » 441S4. 44^4^, 4 4 4 4 444 4 4 * 4 
4 TMG(^4414f-)7l-i, TMI(He|^14#)7l->i ) ^44^ 4 £4£7l-;i-i 7fl e| 4 7\d=. 4 44 ie]n, MOCV 
D^^-S. 444#4441-4£4l- 4444 ^4314. £^S7}i^ siH 4 4 Cp 2 Mg» 4^ 3H 4*11 
£44* 71-4 444f-4£44 P^£4^* 7>4fe ^44#4£*llt- PN^4* $ 4^4. 4£44 

4£4^fe, n*§£44* 7f4fe 444#4£*114 £44* 7>4^ 4 44#444 ir4£4 4 #4 

£44* 7H^ 444#444tet4£44 #4£*, P«§ £44* 7>4^ 444f-4£44 54 f=* 
^4^4. £44* 7>4fe #4^*4 P^ £44* 7>4 ; ir ^il* AHi 41-443. ;g 44 3^ Zn £H I 
nGaN4 44** 444444 44fe 44£3. 444f-4£41- ^44^i 44f^-3- 4414. PH 

^4-i-4£sil*4 44^ 400°C 444 :n444 44344 Sl4. 

4 4£44* 444 44-°^ pn 4 4£4X4* £#44 €, i^^^ 4 444 44 ^^4^., °1 
4t|] 444 4£4 ^tfm ia.4°l-M.444 ^ ^ ^1^4 ^4^ 44^4^i i:4^4* 
^4S14. 

4£44 4514 e|H=^<g^ 44°11 ^4 4^1^ 44H-el^of| 44^4* i^l^ls ^o}^^. ^ 
^44 4 444 44s-e]ii * oiuj.^E.* 44 30^4 ^4as 4°H 4-^^11^ ^m^sL £#444 

#^44^r, i4^ <8t- 4i 44^47} «P14 el-iiiHl < ?]4 4^431 444 ^^4^4* l^tf, 150°C 
°114 544: 44444 ^44 444°l£^l- ^4444. ^4?il 4444^1- 444 £-t- 444 4^14 £ 
444 °^444 4444.4. 4a444 4 44^r 444444^4 444444 4^14 444 44 
4444 4-5-S ^3444 4 444^4. 

44, SS4444i^44^r, 444 S 4444 44 4fe Y, Gd, Ce, La4 4s44^» 44444 
s. 44 4444 4444 4444 *44 44. 444 i444 ^4 ^-^4444, 444444, 44444 4 
4«fl4 *44a4 44 ^^4. 444 S4^4 «r444-4^-* €4*1)4 £71-44 4^, 44^ I400°c 4£^ 
444 344 ^444 ^4^4 4S4. ^4^4 44 ^44 l-4(baii miii)44 44, 44, 4^, 444AS 
4s 44 S4^4. 

444 44 444 H44 Y 3 (Al 0 . 6 Ga 0 . 4 ) 5 0 12 : CeS i£44^ 44471- 447Rf4 41^44 120^44 
4, 4^4 444 °J44 (Y 04 Gd a6 ) 3 Ai 5 o 12 : Ce s ^44^r 4447> 447>44 42^44 10 

0*44* 44-4^4 100^444 4 €444 444s ^ji, 4 #441- ^4 0.5mm4 4^^# 44 44 
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wswi 4^h, 4 30^4 aj^^ 7113.4 W314* ^M4. ^4*n#4 ^4 

^9.^444 44 44^ £44 4H1 «114*Rr 4°)1 Sl«fl, sj4^ *(|4$4. 434 4 

ol *fl44 44444 *J,s.x4, 4^ 44# 4=g4 44, 45^4 ( x ="0".29, y="0".344U, £4^ 34(Rafe 
92.0AS 444^8 ^4¥°11 7>44 jg^* 44$4. JE, Tfr^-3L#* 12 lmQumenVwS «H 444 4^44. 4 
44 34 SLSL*} 4 44 60mA 44, 44 20mA 1^4, 60 1 90%RH SH13 20mA 443 4 4^44:£ 

H4^H 34 ^4^r 4433 444. 

(Hi Si 2) 

€*H]9<51 <a44j Y 3 (A1 M Ga 0 . 4 ) 5 0 12 : Ce £ S^fe 4*Ml7} 4471-44 41^44 £ 1143 (Y 0 . 4 G 
0 . 6 ) 3 Al s 0 12 : Ce S- ±44^ 3*^47} 447>44 42^S 44^ 3^33^ 5E£4334^43 44, 44 
^IllUMl 4£3(perylene-derivatives)4 4^43 ^44^(4^3 3 (SINLOIHI)44^1 FA-00D4 3 343 ^ 
44^(4^33443 FA-005)* 4442- 44 2.44 3 33fe 4aH94 4<a4 T#^SL3, 44 4 

443U 43394 ^4 44^34 * 43*}. 444 4^44 4443^4 4^34 (x="0".3 
4, y="0".35)44. 343 3« o^L, 7m 4H<*M 43444 200hr5L 4443 14^4 33 4443 *M 34 

3 4^ fl£ 434 ^ 43514. 3L, 433 3^ 0^4 44:£4# 44333 70°C^ S3 a) 

ti-ofl 44 ^r, Afl^s a 141- ^AH]94 f-Tj] £14 TE.I50I) 44 £Al^4. £14, £15^14 

a <r 443, s-^ 3-^4 ^ahi9^ HiHi2ii4 444 34. 

(43310) 

-i3°ili03 44 43^-^ 3^433 44 43-2-S-34. 

433103 44 43-2-^334 44^94 ^034 f^«S *H44 450nm4 In 0 . 05 Ga 0 . 95 N4 44f^ 7> 
3^ 44rM~» 4-§-S5l4. ^3., 4^44 43 *fl 43-^.4^4 444 ^ 44^4-1- 44444s 43 
43, 44^43 4 444 4£^-3^ S 4n ^-a^s. sq-oi^a-ig^A-i ^7l?l^s. £f-Al^4. 

SS^l^-iiiS^fe, Y 3 (Al 0 . 5 Ga 0 . 5 ) 5 Ou : Ce S ^4^7} ^%7}^ 

^-^4, I^ai (Yo2 Gd 0 . 8 ) 3 Al s 0 12 :CeS &m$= ^m}7\ ^7}^ ^2^^1# 4^ 4^4 ^ 
*W €-^1^1 °l-§-M4. Y, Gd, Ce^l ^^HHl 44 ^Ml -g-^A]?! ^<a)^ ^a> 

iAi ^a13|4. 01^4 ^§1)4 ^^a>4 S -4 > a>4^4^- i 44 £^4. 

^7li H^is.4 l-sj-^f-^l^^-t^^ £7>4^ ?7]^ uoor^i ^£i4 3a14^4a^| 44 ^ 
^^4. i^^i- ^°llAi #^(baii miiDsllAi a|^, g-s], 42L, 4^14As Aii^L ^Al i^o] og4H^ 7 >4 
fe^li, ^I2^4^1»^14f4. 

4714 4^1 ^1144 ^11^4^1] ^ ^12^4^11 44 40fW« ^^1^4 100^^ 4°fl *4*11^ #sl2ls 4* 
«1 ^elsm «i4i44 «P1€ 4*S-h1h a 0 voi ^<y^4. ^01^ ^og S iE^ivi^A^^if 4 

^1» I30°coll4 144 *4 ^4a1514. ^1 «fl-H 44 ±7} ^6]] = ^ 12 ou5i i^i^i 4 4^4^ 
7} 444 ia^47ll» ^a^4. 44 5,^4^^^ 44^h 71-4^^4 is^pl44^^4^^1 4°1 ^-i^«l 4 
4^1 £4 S^«4. 44^44 iS4 n M14^^4^S- ^14 4^, ^ S 4^1 ^iLSJfE-l iL^4 43 ^ 
4-4A11S4 444 ^s-4^5 -=§43(14. SH^-^fe, ^« 3L£4*H4^ %m m^y\ % 
44 el^5H°J4 4^4^ "II ^1^1- *<34 150°C°)14 5a]4 ¥4 ^^1^4 ^a^ ? j4. 014^ 
^1144 4aHU04 44 4°1^-H^, 44 4^- ■& ^ i£4^1 1-114^^ 4^11^1 iLci44°ll ^44^1- 

444 njcs 4Ajj44 ojoJ4. 

4714 4°1 ^144 4AH1104 44 4 d 1^2i AjjT=^ ; aa4 £? 4^4 443- 4.44 44^ as^a ( x =" 0 ".3 

2, y="0".3441^, ^4 A J 34(Ra)="89".0, 44s4^ 10 lm(lumen)/w^4. =1^3. 44 A J Al^As44 44 60 
mA -f-4, 44 20mA *4, 60°C 90%RH 20mA 1-4^1 4 4^44^ S£^p4H4>i^4^<>11 44 44 

4 44513 44 *43<a ^4^11 44 4°1^4 =r^4^°)l 4°14 Si44 4'?14 4 a144. 
(4AHUD 

LED £4^.4 44 337} 470nm4 In 0 . 4 Ga a6 N 4^1 «- a>4^4. 44^4^, ^1334 A>4ol4 7 14 4 
i TMG(S 5)^1144)4^-, TMl(S4^14 < a4)4^, 444^ 4 £4S7>il- ?i]e|47>i4 4^1 ^4jl, mocv 
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D^AS 444f-3144S-4i*i|» ^4*114 ^H4- JE^H7l-iS SiH 4 4 Cp 2 Mg« 44^r 3H 4*11 £ 
4^4 7Mfe |^tf»J:£«ll4Pl£^t 7>4ir ^^-f-tiVSL^s- PN^44 LED ±7}s_ 

fe, N^:&444 7>44 444f-4£4<?l ^4, £4^4 S^f^^ll^i^ #5^4, 

£4-^4 44444:5^41 ^-«!44 ^S4. je4^* 7Hfe ^#-4 P^S £4^4 7Hfe 4^ 

4 4-<>H 3=^ 4 3nm oi InGaN^l 4444 ^44^*1 4444425L 445S4- A>4^ ^ 7 j 4 4*114 

X^A5L 44444£*fll: Ul^^ASL^ ?|4*4. 

* ^14. °11M1 *1144 4£*il ^M^l* 3^ 4, 434 7}^ >) &^x\?\ 44^4^1 4 

-9-71 44^44 45144 44 *ll 44^4^4 ^6\] oflS-Al^S. 0 ]-g-SflAi 4c]^fn}. 44^-44 4 44 
4 ^E.ejs. aluj.e|Et 44 4^4 30jum^l 4°H£: I 3SI14 4714AS £^4^4. 

S-H^Mfe, i4^S 44^44 4*14 4^3]<S4 4^431 44^ ofl^l^l^ -S^^ * , 150°C 

544 ^4 ^44?H ^^l^tM-SL^i 143 «4. 4444^4 444 514 £44 *}3.%$ 

J&444 ^^ofl ^44^4. 4314S1 <aS4 4 444, ifl^a>A>Jf^^ El444-§4 4343] 444 4 

44, ^£4444^4^4 <g44 (Y 0 . g Gd 02 ) 3 Al 5 0 12 : Ce S $.*]$3L 4^4 44444 444?} 
447}44 ^4314, £44 (Y 0 . 4 Gd 0 . 6 ) 3 Al 5 0 12 : CeS. £43 ji 4^4 44444 44 3] 7} 44444 

444 44 mm 44*fl4 44t 4. 4* s^fe, 44 y, Gd, ce4 sisals- 444 

3. HH 44 4*1] -g-^Al?] -g-^^ 44°)14 ^^A]^4. O]^^- ^-Sflxi <g£ ^-444*4, 44444 : h-, 44 

^£1^ 3a1t> ibAjsflAl ±$%-4c ^a!4. 44 ^°fl^ l:^(bal] unions 3.2, 4*1 

4 AS 311 S ^A] ^Aj^rf. 

^■714 4°1 ^14S #44^3 ^4^1 100^^4 444^ ^4^1 100^^ 

* 43% ^4 1000^^4 4 *^sfl^ ■a-fr^^H, ^4 iS0ums\ 4?14l^4i^ ^4*114* $3381 

4. ^4^1 4# £44^ ^A44^4 4^ 37ls 44«flAi £^^1 s]sfl, 444^11- ^14514. 
0 l*7ll ^Mtb^HlH 4# 444^1-^ ^i^, <a-^^ ^4, ^i^^r (x="0".33, y="0".34)°l 

Al^(R a )="88".0* 44^4. a, 4421-i-g: 101m/w^4- 

i22A, 5122B, £22Ci^ 44 4^-4 ^! (Y 0 . g Gd 0 . 2 ) 3 Al 5 0 12 : Ce S ^4^11, ^4 ( 

a4 Gd 0 . 6 ) 3 Al 5 0 12 : CeS 2^5]^ ^4^1, ^ ^4^5] z> «^ iaie^^ 44^14. 5&, £23^^ ^Hll 
5] ^4 4°1^H^ ii£% ^eSI. 44^4. cj^ol, ifl*Aj A]f o S A|5j a]-£- 60mA ^4, ^ 20mA 60 

°c 90%RH 4°11a^ 20mA ^4^1 4 *l^*Hs. ^4^ls 4* 4^s]^l ^44. 447MS., oi % 
44* <^7MS 44^1^1^ 4*11 44^451^4 -4^-0) ^^.^ej-s ^je^* 4*1^14 ^ 514 

(4Alil2) 

4AHU24 44 4°lis.fe i£^lLll4i^4^1S.4 ^4^1 Y 3 In 5 0 12 : CeS_ iAlsjir Al* i44^1 ^ 
4 ^4^14 444^r ^3 4ife 4a1<^H4 *<a4 4^3- 44 4°1^« 1007H ^14^4. 4aH9s} ^ ^} 
iLH^r, flsfe 444 ^Ai^tfH -^a] 01114 4^71-4-S. 444 ^4^4 44^44. 

? #^4 J: 4 

°14 4^4 44 4°1, 44^4 ^1124^^1 44 ^l^fe 44 4°l-2-^fe, 44^ Aj l4 7>4fe 44 444 4 
5iU, 4a14 A>^-oflAUE. 44^44 44?} ^A^, ^4^°11 ^^44 444 ^4^4 447l7li ^ 
214 i4^^«l A^si^ a>^4 ^7fl4, 444^4, 44^4 ^aiAi^ 5 ji^^ st^s^ 4 44 
«fl4 01 £ a14 5^6 £ a1 Afls4 4£» 71)44 4 44- 

^ ; -?-4 ^4?/ 

^44 1 
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(Y H Gd r ) 3 Al 5 0 12 :CE 

— -S. o]^X| jL, 0<r<l^l3L Al^ Ga ^/SEfe InAS ^lftl. <^JE Xfe S# #1^ 4^ 

^ -*7i ^3*1 -s-71 33 tn.sj= 3^5.^3 ^ 

43-71 ■£ ^(ball milDS. g-^Sj-jL, A|^, §-5), 7d2 SllS 71 sfe- ^Sfl ^S^fe HJj 

*H ^12 
^T 2 -*^ 5 

^14*^ <^ir $ «hi &<H*|, 
^7l ^ tH.2=. ^-8: 44°H, ifll, SiC, Si £ ZnOS. ol^ol^l ^i»Ej ^4^51^ 1-^3. ^12:51 

^ ^ 6] ^ 2 Hj.^ 

-*7l nM-E^fe Ag# *Mr?t °11^H *r*H 4\n ^ iLH7> Jf#5H 51 31 -S-7] #a^7V ^<9€ 3 
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